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(57) ABSTRACT 

An imaging device includes a refractive imager lying in an 
optical path, and optionally a telescope that directs the 
optical path to the refractive imager. The refractive imager 
includes a ?rst lens group that forms an intermediate image 
of a scene on the optical path, Wherein the ?rst lens group 
includes a ?rst-lens-group positive-power lens, and a ?rst 
lens-group negative-power lens. A second lens group relays 
the intermediate image to a ?nal image surface on the optical 
path, Wherein the second lens group includes a second-lens 
group positive-power lens, and a second-lens-group nega 
tive-poWer lens. A third lens group may be selectively 
inserted into the optical path betWeen the ?rst lens group and 
the second lens group and selectively removed from the 
optical path. The third lens group includes a third-lens-group 
positive-power lens, and a third-lens-group negative-power 
lens. 
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DUAL-BAND, DUAL-FOCAL-LENGTH, RELAYED 
REFRACTIVE IMAGER 

[0001] This invention relates to an optical device and, 
more particularly, to a refractive imager that is operable for 
more than one Wavelength band and operable to selectively 
produce more than one focal length and ?eld of vieW. 

BACKGROUND OF THE INVENTION 

[0002] Imaging devices such as imaging sensor systems 
typically include an imaging sensor, and optics through 
Which the optical path from the vieWed scene passes to reach 
the imaging sensor. The optics serve to provide the desired 
focal length and ?eld of vieW of the scene, and to focus the 
image onto the imaging sensor. In some applications, it is 
desirable that the optical system selectively provide tWo or 
more ?elds of vieW, such as a Wide-angle ?eld of vieW for 
general searching of a large area, and a narroW-angle ?eld of 
vieW for higher-magni?cation, more-speci?c analysis of a 
small portion of the scene that is found to be of interest. 

[0003] The imaging sensor may be selected for vieWing 
any desired Wavelength range, and imaging sensors are 
knoWn for use in different Wavelength ranges. Such Wave 
length ranges include, for example, Wavelengths in the 
visible, the near infrared, the medium-Wavelength infrared, 
and/or the long-Wavelength infrared. Infrared sensors are 
typically cooled to cryogenic temperatures for optimal per 
formance. The optics of the imaging sensor system must be 
compatible With the cold shielding required by the sensor, 
When such a cryogenic sensor is used. 

[0004] In an application of interest, an imaging device 
requires imaging in tWo or more ?elds of vieW, With a 
straightforWard approach for sWitching betWeen the tWo 
?elds of vieW. The imaging must be accomplished in tWo or 
more infrared Wavelength ranges using a sensor that is 
cooled to the cryogenic range. Although it is conceivable to 
move the imaging sensor along the beam path When the ?eld 
of vieW is sWitched, it is far preferable that both the focal 
surface of the optics and the cold stop of the cryogenic 
shielding remain at a ?Xed location When the ?eld of vieW 
is sWitched. The imaging sensor, the cooling structure, and 
the associated cold stop may therefore remain at a ?Xed 
location along the beam path. No such imaging device is 
currently available, and there is a need for such an imaging 
device. The present invention ful?lls this need, and further 
provides related advantages. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides an imaging device 
in the form of an imaging sensor system. This imaging 
device operates in tWo (or more) Wavelength bands and With 
tWo (or more) focal lengths (and ?elds of vieW) of the optics. 
The lens count is relatively loW, resulting in reduced manu 
facturing costs, ease of alignment, and improved stability of 
the optics. The optics may be designed so that the locations 
of the image surface and the cold stop do not change When 
the focal length and ?eld of vieW are changed. Consequently, 
the imaging sensor, the cold stop, and the cooling structure 
need not be moved axially parallel to the optical path When 
the ?eld of vieW is changed. 

[0006] In accordance With the invention, an imaging 
device comprises a refractive imager lying in an optical path 
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and comprising a ?rst lens group that forms an intermediate 
image of a scene on the optical path. The ?rst lens group 
comprises a ?rst-lens-group positive-poWer lens, and a ?rst 
lens-group negative-poWer lens. The refractive imager fur 
ther includes a second lens group that relays the intermediate 
image to a ?nal image surface on the optical path. The 
second lens group comprises a second-lens-group negative 
poWer lens, and a second-lens-group positive-poWer lens. 
There is a third lens group that may be selectively and 
sWitchably inserted into the optical path betWeen the ?rst 
lens group and the second lens group and selectively and 
sWitchably removed from the optical path. The third lens 
group comprises a third-lens-group positive-poWer lens, and 
a third-lens-group negative-poWer lens. There may be other 
optical components, such as a foreoptics positioned on the 
optical path betWeen the scene and the ?rst lens group. 

[0007] Desirably, the refractive imager is constructed so 
that the locations of the ?nal image surface, the eXit pupil, 
the cold shield, and the cold stop along the optical path are 
unchanged When the third lens group is inserted into the 
optical path and When the third lens group is removed from 
the optical path. To further this end, the ?rst-lens-group 
positive-poWer lens may lie on the optical path betWeen the 
scene and the ?rst-lens-group negative-poWer lens; the sec 
ond-lens-group positive-poWer lens may lie betWeen the 
second-lens-group negative-poWer lens and the ?nal image 
surface; the third-lens-group positive-poWer lens may lie on 
the optical path betWeen the ?rst lens group and the inter 
mediate image, When the third lens group is inserted into the 
optical path; and the third-lens-group negative-poWer lens 
may lie on the optical path betWeen the intermediate image 
and the second lens group, When the third lens group is 
inserted into the optical path. 

[0008] There is typically an imaging sensor positioned at 
the ?nal image surface. The imaging sensor may be a 
dual-Wavelength (also termed “dual-color”) sensor that 
operates in more than one Wavelength range. An eXample is 
an HgCdTe detector that operates in both the medium 
Wavelength infrared (MWIR, 3-5 micrometers Wavelength) 
and long-Wavelength infrared (LWIR, 8-12 micrometers 
Wavelength) ranges, and subranges thereof, used in conjunc 
tion With the appropriate spectral ?lter(s). 

[0009] When the dual-Wavelength imaging sensor is used, 
the materials of construction of the lenses are selected so that 
the focal surface is the same for the tWo Wavelength ranges. 
Preferably, at least one (and more preferably both) of the 
?rst-lens-group positive-poWer lens and the second-lens 
group positive-poWer lens is made of Zinc selenide. Prefer 
ably, at least one (and more preferably both) of the ?rst 
lens-group negative-poWer lens and the second-lens-group 
negative-poWer lens is made of barium ?uoride. Preferably, 
the third-lens-group positive-poWer lens is made of Amtirl, 
and the third-lens-group negative-poWer lens is made of 
arsenic trisul?de. 

[0010] The present approach provides an optics system 
that permits sWitching betWeen tWo different focal lengths 
and ?elds of vieW (or more than tWo different focal lengths 
and ?eld of vieW if additional optical components are 
present). The focal plane and cold stop of the imaging sensor 
are unchanged When the third lens group is inserted into the 
optical path and When the third lens group is removed from 
the optical path, accomplishing the sWitching betWeen the 
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tWo different focal lengths. That is, the imaging sensor and 
its cold shield need not be moved along the optical path 
When the focal length is changed by insertion or removal of 
the third lens group. The lenses and their materials of 
construction are selected so that the imaging device is 
operable in tWo different Wavelength ranges, so that a 
dual-Wavelength imaging sensor and appropriate ?lters may 
be used to permit vieWing of the scene in different Wave 
length ranges. 

[0011] Other features and advantages of the present inven 
tion Will be apparent from the folloWing more detailed 
description of the preferred embodiment, taken in conjunc 
tion With the accompanying draWings, Which illustrate, by 
Way of eXample, the principles of the invention. The scope 
of the invention is not, hoWever, limited to this preferred 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic block diagram of an imaging 
device; 
[0013] FIG. 2 is a ray-path draWing of the refractive 
imager in its long focal length, narroW ?eld of vieW (NFOV) 
form; 
[0014] FIG. 3 is a ray-path draWing of the refractive 
imager in its short focal length, Wide ?eld of vieW form 
(WFOV); and 
[0015] FIG. 4 is an optical prescription for a preferred 
embodiment of the refractive imager. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] FIG. 1 schematically depicts an imaging device 20. 
A light beam travels on an optical path 22 from a scene to 
the imaging device 20. The optical path 22 enters optional 
foreoptics 24, Which may be a re?ective telescope, a refrac 
tive telescope, or other operable optical device. The fore 
optics 24 is preferably an afocal optical device. A single 
?eld-of-vieW re?ective telescope that may be used as the 
foreoptics 24 is described in US. Pat. No. 3,674,334, Whose 
disclosure is incorporated by reference. A dual-?eld of vieW 
refractive telescope that may be used as the foreoptics 24 is 
described in US. Pat. No. 4,989,962, Whose disclosure is 
incorporated by reference. 

[0017] The light from the foreoptics 24 travels on the 
optical path 22 to a refractive imager 26. The refractive 
imager 26 forms an image, and is distinct from an afocal 
optical device that does not form an image. The preferred 
form of the refractive imager 26 Will be described subse 
quently. The optical path 22 is imaged by the refractive 
imager 26, through an optional spectral ?lter 28, onto an 
imaging sensor 30. The imaging sensor 30 may be of any 
operable type, but is preferably a focal plane array (FPA) 
sensor that operates in the desired imaging Wavelength 
range. Most preferably, the imaging sensor 30 operates in 
tWo distinct Wavelength ranges. In the embodiment of most 
interest, the imaging sensor 30 is operable in both the 
medium-Wavelength infrared (MWIR, 3-5 micrometers) and 
long-Wavelength infrared (LWIR, 8-12 micrometers) ranges, 
or subranges Within these broad ranges. The imaging sensor 
30 may be, for example, of the HgCdTe type, Which operates 
in these tWo Wavelength ranges. Such dual-Wavelength 
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infrared sensors are knoWn in the art and are described, for 
eXample, in US. Pat. No. 5,583,338, Whose disclosure is 
incorporated by reference. The output signal of the imaging 
sensor 30 is provided to sensor electronics 32 for signal 
conditioning and analysis, as needed. 

[0018] FIGS. 2-3 depict in greater detail a preferred form 
of the refractive imager 26 that lies in the optical path 22. 
The refractive imager 26 includes a ?rst lens group 40 that 
forms an intermediate image 42 of the scene imaged at an 
entry pupil 43 (Which coincides With the eXit pupil of the 
foreoptics 24, Where present) at a location on the optical path 
22. The ?rst lens group 40 comprises a ?rst-lens-group 
positive-poWer lens 44, and a ?rst-lens-group negative 
poWer lens 46. The ?rst-lens-group positive-poWer lens 44 
lies on the optical path 22 betWeen the scene and the 
?rst-lens-group negative-poWer lens 46. 

[0019] The refractive imager 26 further includes a second 
lens group 48 that relays the intermediate image 42 to a ?nal 
image surface 50 that lies on the optical path 22. (The 
imaging sensor 30 lies at the ?nal image surface 50.) The 
?rst lens group 40 lies on the optical path 22 betWeen the 
entry pupil 43 and the second lens group 48. The second lens 
group 48 comprises a second-lens-group negative-poWer 
lens 52 and a second-lens-group positive-poWer lens 54. The 
second-lens-group positive-poWer lens 54 lies on the optical 
path 22 betWeen the second-lens-group negative-poWer lens 
52 and the ?nal image surface 50. 

[0020] A third lens group 56 may be selectively and 
sWitchably inserted into the optical path 22 betWeen the ?rst 
lens group 40 and the second lens group 48, and selectively 
and sWitchably removed from the optical path 22. In prac 
tice, the third lens group 56 may be mounted on a control 
lable mechanism 57 such as a rotating or sliding mechanism 
that controllably moves the third lens group 56 into the 
optical path 22 or removes it from the optical path 22. The 
third lens group 56 is shoWn in phantom lines in the long 
focal length, narroW ?eld of vieW (NFOV) form of FIG. 2 
to indicate that it is removed from the optical path 22 in that 
draWing, and is shoWn as inserted into the optical path 22 in 
the short focal length, Wide ?eld of vieW (WFOV) form of 
FIG. 3. 

[0021] The third lens group 56 comprises a third-lens 
group positive-poWer lens 58. The third-lens-group positive 
poWer lens 58 lies on the optical path 22, preferably betWeen 
the ?rst lens group 40 and the intermediate image 42, When 
the third lens group 56 is inserted into the optical path 22. 
The third lens group 56 also includes a third-lens-group 
negative-poWer lens 60. The third-lens-group negative 
poWer lens 60 lies on the optical path 22, preferably betWeen 
the intermediate image 42 and the second lens group 48, 
When the third lens group 56 is inserted into the optical path 
22. 

[0022] This preferred embodiment has the important 
advantage that the location of the ?nal image surface 50 
along the optical path 22 is unchanged When the third lens 
group 56 is inserted into the optical path 22 to achieve the 
short focal length, Wide ?eld of vieW form of FIG. 3, and 
When the third lens group 56 is removed from the optical 
path 22 to achieve the long focal length, narroW ?eld of vieW 
form of FIG. 2. The imaging sensor 30, a cold stop 62 of a 
cold shield 64, an eXit pupil 66 of the refractive imager 26 
that is coincident With the location of the cold stop 62, and 
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the cold shield 64 that surrounds and maintains the imaging 
sensor 30 and the cold stop 62 at cryogenic temperature all 
remain stationary When the third lens group 56 is moved into 
and out of the optical path 22. The entrance pupil 43 of the 
refractive imager 26 is imaged at the eXit pupil 66 of the 
refractive imager 26 by the lens groups. 

[0023] In the preferred embodiment Wherein the imaging 
device 20 is operable in the MWR and/or the LWIR Wave 
length ranges, it is preferred that at least one, and preferably 
both, of the ?rst-lens-group positive-poWer lens 44 and the 
second-lens-group positive-poWer lens 54 are made of Zinc 
selenide (ZnS, refractive indeX 11 of about 2.25). It is further 
preferred that at least one, and preferably both, of the 
?rst-lens-group negative-poWer lens 46 and the second-lens 
group negative-poWer lens 52 are made of barium ?uoride 
(BaF2, 11 of about 1.44). It is further preferred that the 
third-lens-group positive-poWer lens 58 is made of Amtir1 
(having a nominal composition of Ge33As12Se55 and 11 of 
about 2.5), and the third-lens-group negative-poWer lens 60 
is made of arsenic trisul?de (having a nominal composition 
of As2S3 and 11 of about 2.4). The values of the refractive 
indeX 11 vary as a function of Wavelength, and a virtue of the 
design of the optics of the present imaging device is that it 
compensates for this variation and alloWs the imaging 
device to be used over tWo Wavelength ranges such as the 
MWIR and the LWIR. 

[0024] The ?eld sWitching described in relation to FIGS. 
2-3 is accomplished by and in the refractive imager 26, 
Which produces an image. This approach is distinct from 
techniques such as that described in Us. Pat. No. 4,989,962. 
In the approach of the ’962 patent, the ?eld sWitching is 
accomplished in the afocal foreoptics (e. g., the foreoptics 24 
of FIG. 1 of the present application), not in imaging optics 
as in the present approach (e.g., the refractive imager 26 of 
the present application). Stated alternatively, the optics 
described in the ’962 patent and similar afocal-optical 
devices is not a refractive imager because it does not form 
an image. 

[0025] The present approach may, hoWever, be used in 
conjunction With ?eld sWitching in the afocal foreoptics, 
such as in the ’962 patent, to produce four sWitchable ?elds 
of vieW (i.e., tWo ?elds of vieW in the foreoptics times tWo 
?elds of vieW in the refractive imager). Even further sWit 
chable ?elds of vieW may be obtained by sWitchably bypass 
ing the foreoptics 24 so that there is no telescope effect and 
a magni?cation of unity, for eXample by removing the 
foreoptics 24 from the optical path or by directing the optical 
path around the foreoptics 24 With fold mirrors or other 
devices having a net optical poWer of unity, to produce a 
total of siX sWitchable ?elds of vieW (i.e, tWo ?elds of vieW 
in the foreoptics times tWo ?elds of vieW in the refractive 
imager, plus tWo ?elds of vieW in the refractive imager With 
the foreoptics 24 bypassed and thereby removed). 

[0026] In another approach, the foreoptics may be non 
?eld-sWitchable, but bypassable to produce four ?elds of 
vieW. The present approach, Wherein the refractive imager is 
?eld sWitchable, alloWs considerable ?exibility in sWitch 
ably selecting the ?eld of vieW of the imaging device, 
particularly When used in conjunction With foreoptics Whose 
?eld of vieW may be sWitched. 

[0027] The present approach has been reduced to practice 
analytically in a computer simulation using commercially 
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available optics design softWare such as Code V or ZemaX 
softWare, for a dual-Wavelength imaging device operable in 
the MWIR and LWIR ranges. FIG. 4 sets forth the optical 
prescription for this embodiment. In this simulation, the 
prototype approach Was operable as described above. 

[0028] Although a particular embodiment of the invention 
has been described in detail for purposes of illustration, 
various modi?cations and enhancements may be made With 
out departing from the spirit and scope of the invention. 
Accordingly, the invention is not to be limited eXcept as by 
the appended claims. 

What is claimed is: 
1. An imaging device comprising 

a refractive imager lying in an optical path and compris 
ing 

a ?rst lens group that forms an intermediate image of a 
scene on the optical path, Wherein the ?rst lens group 
comprises 

a ?rst-lens-group positive-poWer lens, and 

a ?rst-lens-group negative-poWer lens; 

a second lens group that relays the intermediate image 
to a ?nal image surface on the optical path, Wherein 
the second lens group comprises 

a second-lens-group negative-poWer lens, and 

a second-lens-group positive-poWer lens; and 

a third lens group that may be selectively inserted into 
the optical path betWeen the ?rst lens group and the 
second lens group and selectively removed from the 
optical path, Wherein the third lens group comprises 

a third-lens-group positive-poWer lens, and 

a third-lens-group negative-poWer lens. 
2. The imaging device of claim 1, further including 

a foreoptics positioned on the optical path betWeen the 
scene and the ?rst lens group. 

3. The imaging device of claim 1, further including 

a ?eld-sWitchable foreoptics positioned on the optical 
path betWeen the scene and the ?rst lens group. 

4. The imaging device of claim 1, Wherein a location of 
the ?nal image surface along the optical path is unchanged 
When the third lens group is inserted into the optical path and 
When the third lens group is removed from the optical path. 

5. The imaging device of claim 1, Wherein locations of an 
eXit pupil and a cold stop along the optical path are 
unchanged When the third lens group is inserted into the 
optical path and When the third lens group is removed from 
the optical path. 

6. The imaging device of claim 1, Wherein a location of 
an eXit pupil, a cold stop, and a ?nal image surface are 
unchanged When the third lens group is inserted into the 
optical path and When the third lens group is removed from 
the optical path, for light Wavelengths in the medium 
Wavelength infrared range and the long-Wavelength infrared 
range. 

7. The imaging device of claim 1, further including 

an imaging sensor positioned at the ?nal image surface. 
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8. The imaging device of claim 1, wherein the ?rst-lens 
group positive-poWer lens lies on the optical path betWeen 
the scene and the ?rst-lens-group negative-poWer lens. 

9. The imaging device of claim 1, Wherein the second 
lens-group positive-poWer lens lies betWeen the second 
lens-group negative-poWer lens and the ?nal image surface. 

10. The imaging device of claim 1, Wherein the third 
lens-group positive-poWer lens lies on the optical path 
betWeen the ?rst lens group and the intermediate image, 
When the third lens group is inserted into the optical path. 

11. The imaging device of claim 1, Wherein the third 
lens-group negative-poWer lens lies on the optical path 
betWeen the intermediate image and the second lens group, 
When the third lens group is inserted into the optical path. 

12. The imaging device of claim 1, Wherein at least one 
of the ?rst-lens-group positive-poWer lens and the second 
lens-group positive-poWer lens is made of Zinc selenide. 

13. The imaging device of claim 1, Wherein both the 
?rst-lens-group positive-poWer lens and the second-lens 
group positive-poWer lens are made of Zinc selenide. 

14. The imaging device of claim 1, Wherein at least one 
of the ?rst-lens-group negative-poWer lens and the second 
lens-group negative-poWer lens is made of barium ?uoride. 

15. The imaging device of claim 1, Wherein both the 
?rst-lens-group negative-poWer lens and the second-lens 
group negative-poWer lens are made of barium ?uoride. 

16. The imaging device of claim 1, Wherein the third 
lens-group positive-poWer lens is made of Amtir1. 

17. The imaging device of claim 1, Wherein the third 
lens-group negative-poWer lens is made of arsenic trisul?de. 

18. An imaging device comprising 

a refractive imager lying in an optical path and compris 
ing 
a ?rst lens group that forms an intermediate image of a 

scene on the optical path, Wherein the ?rst lens group 
comprises 
a ?rst-lens-group positive-poWer lens, and 

a ?rst-lens-group negative-poWer lens, Wherein the 
?rst-lens-group positive-poWer lens lies on the 
optical path betWeen the scene and the ?rst-lens 
group negative-poWer lens; 

a second lens group that relays the intermediate image 
to a ?nal image surface on the optical path, Wherein 
the second lens group comprises 

a second-lens-group negative-poWer lens, and 

a second-lens-group positive-poWer lens, Wherein 
the second-lens-group positive-poWer lens lies 
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betWeen the second-lens-group negative-poWer 
lens and the ?nal image surface; 

an imaging sensor positioned at the ?nal image surface; 
and 

a third lens group that may be selectively inserted into 
the optical path betWeen the ?rst lens group and the 
second lens group and selectively removed from the 
optical path, Wherein the third lens group comprises 

a third-lens-group positive-poWer lens, Wherein the 
third-lens-group positive-poWer lens lies on the 
optical path betWeen the ?rst lens group and the 
intermediate image, When the third lens group is 
inserted into the optical path, and 

a third-lens-group negative-poWer lens, Wherein the 
third-lens-group negative-poWer lens lies on the 
optical path betWeen the intermediate image and 
the second lens group, When the third lens group 
is inserted into the optical path. 

19. The imaging device of claim 18, further including 

a telescope positioned on the optical path betWeen the 
scene and the ?rst lens group. 

20. The imaging device of claim 18, Wherein a location of 
the ?nal image surface along the optical path is unchanged 
When the third lens group is inserted into the optical path and 
When the third lens group is removed from the optical path. 

21. The imaging device of claim 18, Wherein both the 
?rst-lens-group positive-power lens and the second-lens 
group positive-poWer lens are made of Zinc selenide. 

22. The imaging device of claim 18, Wherein both the 
?rst-lens-group negative-poWer lens and the second-lens 
group negative-poWer lens are made of barium ?uoride. 

23. The imaging device of claim 18, Wherein the third 
lens-group positive-poWer lens is made of Amtir1, and the 
third-lens-group negative-poWer lens is made of arsenic 
trisul?de. 

24. An imaging device comprising 

a ?eld-sWitchable afocal foreoptics through Which an 
optical path passes; and 

a ?eld-sWitchable refractive imager through Which the 
optical path passes, Wherein the imaging device may be 
sWitched betWeen at least four ?elds of vieW. 

25. The imaging device of claim 24, further including 

a sWitchable bypass of the afocal foreoptics so that the 
optical path may sWitchably bypass the afocal foreop 
tics. 


